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INTRODUCTION

The eminent climatologist, Julius Hann, briefly defines
Climate as the “‘sum-total of weather” usually experienced
over a long period of time. It is appreciated that the
material at hand does not comply with this time require-
ment; nevertheless, it is intended to present, in detail,
sufficient meteorological data to depict a fairly representa-
tive picture of the weather which has been experienced
in a city, located in the ‘‘Heart of America.” Many of
the tabulations are self-explanatory, and in all cases,
effort has been made to include all of the essential facts
in order that the student who wishes to delve deeper into
some particular phase of the subject may have complete
material at hand.

Weather observations have been recorded by the
Weather Bureau in Kansas City daily during the last 50
years (1889 to 1938) and the ‘‘sum-total’” shows some
Interesting, if not astonishing, facts.

Kansas City is located in Jackson County, Mo., at a
latitude of 39°5’ north, and longitude 94°37’ west.
The city proper lies on rugged bluffs just below the con-
fluence of the Missouri and the Kansas Rivers; the average
elevation of the city is about 760 feet above mean sea-
level, but varys from about 718 feet in the bottom lands
of the Missouri River to 1,019 feet in the extreme southern
limits of the city. This variation in altitude frequently
creates highly unstable atmospheric conditions, especially
over the southern part of the city, which, in the summer
months, produce local thundershowers due solely to con-
vectional air currents. The precipitation in these showers
1s frequently confined to that portion of the city south
of the Missouri River, so that at times, heavy rainfall, or
Snow, may be reported from the residential sections to
the extreme south, and little or no precipitation recorded
at the Weather Bureau office at the municipal airport,
Just north of the Missouri River.

There are no natural obstructions in the vicinity of

ansas City to prevent the free sweep of the air currents
from across the plains of Kansas. It is therefore not
Surprising that some of the features which might ordinarily
Prevail at this latitude are almost obscured by the im-
Portation of warm and cold air, the source of which is
often many hundreds of miles away. Likewise, the
moist air currents from the Gulf of Mexico sometimes
Vie with the desiccating winds from the semiarid regions
of the Southwest in battle to determine whether flood or
drought shall prevail. All too frequently, beneficial rains
fall within a relatively few miles to the southeastward of

ansas City at times when rain is most desperately
heeded, and leave for Kansas City only the disheartening
View of distant, receding clouds. On the other hand,
ansas City receives the benefit of many local showers
that build up and die within the confines of the city.

0 short, the factors contributing to the changes of
Weather in Kansas City are so many and varied as to

ey enumeration here. . )

.The first meteorological observation taken in Kansas
City was made at 7 o’clock on the morning of July 1,
1888, the instruments being at that time located on the
oof of the Customs Building, at Ninth and Walnut

treets in downtown Kansas City. On May 1, 1890, the

offices were removed to more adequate quarters in the
Rialto Building at the southwest corner of Grand Avenue
and Ninth Street; and on July 1, 1907, to even more
commodious quarters in the Scarritt Building on the
northwest corner of this same intersection. Observa-
tions continued to be made at this place until January
1, 1934, at which time the first observation was made in
the present Weather Bureau Airport office, located in
North Kansas City, at the municipal airport. This
present site is on a low plain situated along the great
bend of the Missouri River, directly opposite the point
of its confluence with the Kansas River.

It is to be noted that during the period the observations
were made within the city proper, the meteorological
instruments, especially thermometers, rain-gage, and
anemometer, were exposed on the tops of buildings
ranging from 5 to 12 stories in height; while at the present
Weather Bureau office building, the rain-gage is on the
ground, and the other instruments on the roof of a two-
story building. These differences in exposure have been
reflected to some extent in the average and extreme
temperature and in the total rainfall values, but it is not
believed that the differences are of sufficient importance
to merit lengthy recognition.

The weather of Kansas City, as shown by its 50-year
record, shows wide variability, both in temperature and
in precipitation. Normals mean but little in attempting
to predetermine day-to-day conditions to be expected,
since the temperature fluctuations are so great and fre-
quently so violent that the mean temperature falls far
short of portraying the true thermometric character of
the day. As pointed out in preceding paragraphs, sum-
mer showers are frequently heavy but of such local scope
that one rain-gage within the city cannot alone create a
record that will be typical of aﬁ’ sections. During the
winter months, the general ‘“warm-front” rains fall with
almost equal intensity in all sections, but the snow-squalls
accompanying ‘“‘cold-front” passage are frequently far
heavier and more intense in the southern sections of the
city than in the downtown districts. Temperatures, as
a rule, show higher maxima and lower minima in the
southern portion of the city, and lower maxima and higher
minima downtown. On calm winter mornings, tempera-
ture minima are frequently 8 to 14 degrees lower at the
cooperative Weather Bureau station at the University of
Kansas City, Fifty-first and Rockhill Road, than down-
town, and lower minima are recorded at the Weather
Bureau office, municipal airport, than in the higher down-
town sections immediately southward.

In the following pages 1t is desired to set forth the data
just as recorded, without attempting to compare one
section with any,other, or to explain variances in either
temperature or rainfall. Such is Kansas City.
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FIFTY YEARS’ WEATHER IN KANSAS CITY, MO., 1889-1938

By AxpreEw M. Hamrick and Howarp H. MarTIN

PRECIPITATION

Since Kansas City is situated near the center of the
richer agricultural region of the United States, where
moisture is of prime importance to the greatest number, it
is believed that the study of precipitation might well take
first place in our meteorological summation, and, therefore,
the pages immediately following will deal exclusively
with that factor.

The monthly and annual precipitation values (including
rain, melted snow, sleet, and hail) are shown in table 1,
and the monthly departures from the average are shown
in table 2. A study of these two tables will reveal the

J F M a4 M J J A S O N D

[ Y
J N A
! / \ / \\
{ \ /
4 f X L4 1
(>I 4 \\. - \‘
; .
#ansas c/g/}// \ \
\
3 . Nt
o 7 NN
o % \
3 I [ Missours AN
S ,’ \ \‘u
2 /7 ¥V ) ‘\
l, \ \
- N
[
/
17

FI16URE 1.~—Kansas City rainfall curve compared with Missouri-type rainfall curve.

wet and dry periods of the several years, but since, from
an agricultural standpoint, it is the moisture which falls
during the vegetal or ‘“growing’ season that directly
affects the wheat and corn crops, the study of annual
precipitation has been separated into these two main
divisions, using the average date of the last killing frost
in spring and the average date of the first killing frost in
autumn to serve as dividing lines between the vegetal
and the dormant periods of crop growth. The dates
have been found to be April 8 and October 25, respectively,
and the vegetal period lies, of course, between the two.
Tables 3 to 5, inclusive, show precipitation data for these
divisions.

A study of table 4 is of especial interest from an agri-
cultural point of view, covering as it does the vegetal or
“growing’’ period of the year and showing the monthly
and seasonal departures of precipitation from the 50-year
average. A mnormal season might be considered one during
which the precipitation does not vary from the average
by more than 1 inch. Such years are 1891, 1893, 1894,
1896, 1900, 1907, 1926, and 1928. The two seasons with
the greatest amounts of moisture are 1904, with an excess
of 12.34 inches, and 1915 with an excess of 12.54 inches.
Other years with more than adequate moisture are 1898,
with an excess of 8.26 inches; 1905, with an excess of 7.35
inches; 1914, with an excess of 8.50 inches; 1921, with an

excess of 7.81 inches; and 1927, with an excess of 7.95
inches. It is interesting to note that in both the wet
seasons of 1904 and 1915, the seasons of the year preced-
ing and the year following were both abnormally moist,
and by approximately the same amounts. For instance,
the sum of the departures for 1903, 1904, and 1905, show
an excess of 23.28 inches, while the sum of the departures
for 1914, 1915, and 1916 show an excess of 22.99 inches.

The driest vegetal season of record was in 1901, with &
deficiency of 12.33 inches. This surpasses by several
inches the season during the drought years of 1934
(—8.73 inches) and 1936 (—9.79 inches). There was no
especially dry year from 1889 to 1901, and none from that
date until 1911, when a deficiency of 9.51 inches is shown.
During the drought period of 1929 to 1938, several very
dry seasons are shown, such as 1932 with a deficiency of
7.29 inches, followed by 1933 with a deficiency of 7.71
inches and climaxed by 1936 with a deficiency of 9.79
inches and 1937 with a deficiency of 9.72 inches.

Precipitation data are further divided into daytime
(7 a. m. to 7 p. m.), and nighttime (7 p. m. to 7 a. m.)’
measurements for the calendar year, by months, as shown
in tables 6 and 7, respectively, and similar tabulations for
the vegetal and dormant seasons appear in tables 8, 9,
10, and 11. It is significant, since night precipitation
most favorably affects the growing crop, that the night-
time precipitation, even in the dormant season, maintains
a constant, though slight, excess over the daytime meas-
urements, averages considered.
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FicURE 2.—XKansaes City rainfall curve compared with northern Missouri and with
eastern Kansas,

In connection with the monthly precipitation averages,
it is interesting to note in figure 1 that the Kansas City
rainfall curve does not exactly follow the Missouri type,
the greatest differences being a pronounced excess in the
months of May and September. In figure 2, where the
Kansas City rainfall curve is shown in comparison with
the curves for northern Missouri and for eastern Kansas,
a much closer relationship is found, though there is a
distinet inclination to follow the eastern Kansas curve
over that for northern Missouri. In short, the amount



frequency, and intensity of rainfall in Kansas City show
closer relationship to that for northeast Kansas than for
northwestern Missouri.

The frequency of precipitation as well as its distribution
is an important factor in crop growth, and of course, a
matter of importance to the man in the street. In table
12 is shown the number of days each month during the
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FIGURE 3.—A verage precipitation during the daytime (7 8 m. to 7 p. m.) and during the
nighttime {7 p. m, to 7 &, m.).

East 50 years on which a trace or more of precipitation
as occurred. In these computations, a trace of precipita-
tion may be a sprinkling of rain, a mist of short duration,
a light flurry of snow, or any form of precipitation of an
amount too small for gage measurement. In the same
manner, tables 13, 14, 16, 16, and 17 show the number of
days, respectively, on which 0.01 inch or more, 0.04 inch
or more, 0.10 inch or more, 0.25 inch or more, and 1.00
inch or more of precipitation has occurred. In studying
these tables, it is significant that a trace or more of
precipitation was most frequently recorded in May, with
April second; that amounts of 0.01 inch or more were most
frequent in May, with June second as was also the case
with falls of 0.04 inch or more, 0.10 inch or more and 0.25
inch or more, but that downpours of 1.00 inch or more were
most, frequent in June, with May second, and September
a close third. In connection with these facts, it is interest-
::n%lto study the average monthly amounts as shown in
able 1.

Another form of presentation of these same data is
shown in tables 18 to 23. These tables show the number
of times precipitation in various amounts has fallen on
each day of the month. This presentation is interesting
inasmuch as it reveals that a trace or more of precipitation
is most likely to occur at the last of May and the first of
June, while a secondary maximum appears between the
24th and 27th of April, and a third maximum period around
the 10th of September. When precipitation of 0.10 inch
or more is considered, we find the period of greatest fre-
quency is still at the last of May and the first of June,
with a secondary period from the 8th to the 14th of Sep-

tember. When precipitation of 0.25 inch or more is con-
sidered, the period of maximum. frequency lies between,
the 10th and 12th of September with a secondary period
at the last of May, while in the case of showers of 1.00
inch or more there is no definite maximum period, the
frequency being about the same throughout May, June,
August, and September, with a slight diminution of fre-

"quency in July. In these tables, it is interesting to note

in table 22, that on January 29, March 1, March 16,
November 10, December 25, and December 28, rainfall
of 0.25 inch or more has never been recorded; and in table
23, the number of days throughout the year on which no
rains in excess of 1.00 inch have fallen.

In studying the average precipitation for each day of
the month and year, as shown in table 24, we find that,
although May leads the months with the greatest average
total precipitation, the heaviest daily average precipita-
tion occurs within the first 15 days of September. This
is ‘probably caused by the frequently heavy so-called
equinoctial rains that occur in Kansas City with the break-
ing up of the stagnated summer conditions, and upon the
intrusion of the first “cold fronts’ of the autumnal period.
These rains occur most frequently at night in late August
and early September (see figs. 3 and 4), and are usually
accompanied by more or less violent thunder, and do
much toward ‘‘seasoning” the ground for the farmers’
fall planting.

The intensity of precipitation, from the hydrologic
angle as well as the agricultural, is as important as the
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FIGURE 4~Precipitation by night (7 pm. to 7a. m.) ond by day (7a. m. to 7 p. mJ),
percentage of average monthly amounts,

distribution and frequency. A study of the maximum
24-hour precipitation values as shown in table 25 reveals
that while the average maximum 24-hour amounts were
in excess of 1.00 inch from March to November, inclusive,
the period of greatest 24-hour intensity lies in September,
the same reason as outlined in the preceding paragraph



being valid here. The heaviest 24-hour rainfall of record
occurred on September 6-7, 1914 (see fig. 5), the total
amount for that month being 16.17 inches. Although the
heaviest 24-hour rainfall occurred in September, but three
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such rains in excess of 4.00 inches occurred in the 50 years
of record during that month, and this record is equaled by
both July and August. . :

Reference to table 26 will disclose the record of the
greatest amounts of precipitation recorded on any given
date. It is to be noted that in this table the rainfall
values are shown for the 24-hour period, midnight to mid-
night, while in table 25, the values were for any 24-hour
period within the month.

Tables 27 to 32, inclusive, are presented for hydrologic
and engineering purposes, showing the greatest amounts of
precipitation recorded in 5-minute, 10-minute, 15-minute,
30-minute, 60-minute, and 120-minute periods, respec-
tively, 1903 to 1938. The record before 1903 was rejected
for tabular purposes since it was not considered sufficiently
complete. At the fimes in the autumnal, winter, and
spring months, when the maximum precipitation for the
month occurred with temperatures below freezing, and
the gage was closed to protect the delicate recording
mechanism, the record is not used.

Insofar as the records disclose, the heaviest 5-minute
precipitation occurred on May 31, 1896, 0.80 inch falling
within that period, or at a rate of 9.60 inches an hour.
This downpour was in conjunction with a violent, local
hail and thunderstorm of short duration, the maximum
fall for the 10-minute period being 1.05 inches. During
this storm 1 inch of rain fell in 8 minutes.

Figure 6 is intended to show a comparison of the maxi-
mum rainfall intensity curve with that of the average for
the full 50-year period of record. In computing these
curves, all available records were used. Figure 7 shows
the average hourly amounts of recorded rainfall for the
20-year period, 1919 to 1938, inclusive. Notice the
preponderance of early morning rainfall during the
months of July and August, and that there appears to be
a pronounced diminutlon in precipitation possibilities
between the hours of noon and 6 p. m. during the month
of August. L.

In figure 8 we have endeavored to show the distribution
of precipitation throughout the hours of the day for each
of the months. These graphs are based on the 20-year
period, 1919-38, and on the total hourly amounts of
precipitation recorded. In figure 9 is shown the hourly
frequency of precipitation in measurable amount, in per-
centage of times possible. A study of this figure will
show a maximum frequency in the 6 hours following
midnight in April to October, inclusive, with a minimum
frequency in the 6 hours following noon. A secondary
maximum is apparent from 6 p. m. to midnight during
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FIGURE 6.— Upﬁer éurue: Maximum rainfall intensity for heaviest rains that ever fell in
the respective time periods in Kansas City during the 50 years 1889-1038. Lower curve:
Average of the records for the various time periods when the rainfall intensity came
within the excessive rate. :

the late spring and the summer months. From November

to March, inclusive, the frequency is equably scattered

throughout the 24 hours, although in March a tendency to
assume the summer trend is noted.



Figures 10, 11, and 12 show, in substance, the prob-
ability of precipitation in amounts of trace, 0.10 inch and
0.25 1nch, respectively, for any period of the month or
year, as indicated by the record of the last 50 years.
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FIGURE 7.—Average hourly intensity of precipitation in Kansas City 1918-38, inclusive.

However, they must not be interpreted to represent any
forecast of future conditions. For instance, inspection
of figure 10 shows that, on November 4, the probability
of & trace or more of precipitation is about 22 percent,
while on May 31, the percentage of probability is 64
percent. It, therefore, seems safe to assume that a pre-
cipitation of trace or more is 42 percent more probable
on the latter date than on the former. Figure 11 shows
that the maximum probability of 0.10 inch or more pre-
cipitation occurs on May 31 and June 1, with a secondary
maximum on September 11, and 2 minimum probability
on December 27 and 28. Figure 12 shows the maximum
grobability of 0.25 inch or more to occur on June 1 and on

eptember 11, with a minimum probability on December
26 and December 28, and a secondary minimum on
March 1.

SNOWFALL

The sceurate measurement of snowfall is, at the best,
extremely difficult. Wind currents, local topography and
the very mechanics of snowfall formation preclude the

217725—41—2

5

possibility of an even distribution over & wide area; and
the effect of buildings, fences, etc., in the city create wind
currents that make a representative measurement almost
an impossibility. Although the Weather Bureau exer-
cises extreme care in measuring snowfall, and the average
of several measurements in varying localities is used in
lieu of a single depth measurement at the gage, there have
been many instances of heavy snowfall occurring in the
southern sections of the city, with little or none at the
observatory. Table 33 represents the monthly and sea-
sonal snowfall in Kansas City, while table 34 shows the
greatest depth of snow on the ground. A glance at this
table reveals that falls of snow to the depth of 10 inches
or more are comparatively rare in Kansas City. Table 35
indicates the number of days on which a trace or more of
snow fell each month during the winter season, while
table 36 presents the same data based on 0.1 inch or more
of snowfall. The greatest fall of snow in any 24 hours,
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FIGURE 8,—Distribution of precipitation ctlhu-(_)ughout the 24 hotrs, by months, 1919-38,
inclusive.

by months, is shown in table 37. In connection with this
table, the weather records of March 23 and March 24,
1912, are most interesting. A light fall of snow com-
menced at 6:08 a. m. of March 23 becoming heavier as



the hours passed, until in the early afternoon the wet
flakes began to cluster, and the snowfall assumed the
appearance of a bombardment. By 4:30 p. m., 14.0
inches had fallen, and at 7 p. m. the ground measurement
was 16.0 inches.

The temperature fell slowly as sunset approached and
had fallen to 26° by 11 p. m., at which time the flakes had

The heaviest fall subsequent to the 1912 storm occurred in
January of 1930, when 12.8 inches were recorded on the
9th. At no time in the 50 years’ record of the Weather
Bureau in Kansas City has any storm equaled in ferocity
smd2 Y’olume the memorable ‘“great snow of March 24,
1912.

HAIL

January Sty Kansas City has been remarkably free from destructive
hailstorms. While 220 hailstorms have been recorded
40 in the 50 years of Weather Bureau record at this city,
] /-\ there is no record of any individual storm creating wide-
20 N . S — spread damage over either the business section or the resi-
dential area.h
0 ; Table 38 shows the number of days that hail fell during
rebruary sy — each month of the 50 years of record. It is to be noted
P that hail was recorded but once in the month of Decem-
<0 P\ Vo ber, and that the month of maximum occurrence is May,
2 e e _~ with April a close second. Another maximum is ap-
¢ p— parent in the month of October. April of 1893 and
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FIGURE 9.—Showing the lzro):srég g;:ggcegr%ylgfl glixgga’si\g&tl)llsel ‘%rfcipxtation in Kansas City 0 a f\-—-.,-—/
assumed normal proportions. By midnight the estimated * Jeare Decarber
snowfall was 20.5 inches, with heavy snow yet falling.
On Sunday morning, March 24, residents of Kansas City s \'\V"\ Gy —
awakened to find the unprecedented snowfall of 25.0 L —~N\ NN |~
inches blanketing the city. Many persons were snow- ¥ ™
bound downtown and unable to return to their homes.

It was estimated that the storm cost the city approxi-
mately $87,000, the heaviest damage being from fire at a
time when the fire companies were unable to respond.
The weight of the snow on buildings caused wreckage to
the extent of $12,000; and $25,000 was expended to clean
the streets and streetcar tracks after the storm. The
heaviest previous snowstorms occurred on February 11-12,
1894, when snow fell to the depth of 15.8 inches in the
southern portions of Kansas City, and on February 27-28,
1900, when 13.0 inches fell at the downtown observatory.

FIGuRrE 10. Percentage of number of times possible on which a trace or moro of precipi-
tation has oceurred, period 1889-1938, inclusive.

June of 1924 had 4 hailstorms each, while May of 1921
led in frequency, hail occurring on 5 dates. The years
of greatest frequency were 1921 and 1927, with 10 occur-
rences each, and the years of least frequency were 1890,
1900, 1922, 1932, and 1937, with a single hailstorm to
each year. Most of the hail recorded was mixed with
rain and the amount of fall impossible to ascertain, but



the fact that in 50 years no great damage to property has
been done by hail in Kansas City has given rise to &
popular belief that local topography is such as to prevent
the formation of the ascending air currents necessary to
violent and damaging hailstorms.-

TEMPERATURE

Next to precipitation, variations of temperature have
more influence on population, agriculture, and business in
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F1GURE 11.—Percentage of numnber of Limes possible on which 0.10 inch or more of precipi-
tation has occurred, 1889-1938, inclusive.

and about Kansas City than any other meteorological
factor. Unlike precipitation, the temperature remains
fairly consistent over the city except under extreme con-
ditions, and even then the average 1s representative.
Strange as it may seem, the warmest month was not
August 1936, during which the highest temperature of
record was recorded, but July of 1934, with an average
temperature of 88.4 degrees; and the coldest month was
not February of 1899, during which the lowest temperature
of record was noted, but January of 1912, with a4n average
temperature of 16.7°. Table 39 presents the monthly
mean temperature for the full period of record asbased
on the daily values. Figure 13 presents graphically the
annual record of temperature. Note here that the aver-
age annual temperature follows a relatively even course
between the 50° and the 60° lines; that the highest annual
Mminimum temperature—i. e., the highest daily minimum
recorded in the year—closely clings to the 80° line, while
the annual maximum temperature fluctuates between 90°

! January 1040, with an average tomperature of 12.8°, broke this record,

and 113°. Greater ranges are noted in the lowest annual

maximum temperature and in the minimum temperature,

{;h(la minimum readings ranging from 7° above zero to 22°
elow.

Tables 39, 40, and 41 have been prepared to determine
not only the cold and the warm years,but the cold and the
warm vegetal and dormant periods of crop growth. Table
39, considering the entire calendar year, reveals that 1921,
1931, 1933, 1934, and . 1938 were outstandingly warm

ears, 1931 being the warmest of record, with an accumu-
ated temperature excess of 1,326°. The years 1891, 1892,
1893, 1895, 1904, 1912, 1917, 1924, and 1929 were cold,
the year 1917, with a temperature deficiency of 946°,
showing the greatest departure. We cannot consider the
year as a whole, however, when studying the effect of
temperature upon crops.

From the agricultural viewpoint, tables 40 and 41 are
important and should be considered in connection with
tables 3 and 4. As in the foregoing section, the vegetal
or growing period is considered to be that period between
the average date of the last killing frost in spring (April 8)
and the average date of the first killing frost in autumn
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FIGURE 12.~—Percentage of nusuber of times possiblo on which 0.25 inch or more of precipi-
tation has occurred, 1889-1938, inclusive.

(October 24). The coolest vegetal period, or summer, was
that of 1917, with an accumulated deficiency of 588°,
while the warmest growing period was that of 1936, with
a temperature excess of 1,045°, It is interesting to note
here that the accumulated temperature excess for the
year 1936, despite the warm summer, was but 565°. This
was, of course, due to the unusual cold period from Janu-
ary 19 to February 21, inclusive,
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Three summers, 1889, 1903, and 1907, showed tempera-
ture deficiencies for every month of the period, while but
one summer, that of 1914, showed a constant temperature

Considering the dormant, or winter, periods, it is found
that the coldest winter was that of 18908-99, with a tem-
perature deficiency of 1,085°; while the mildest winter
period was that of 1920-21, with an excess in temperature

excess. Four summers show only one month in each
period with the mean temperature above average, while of 716°. The next coldest winter was that of 1911-12,
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FIGURE 13.—Craphs showing temperature averages and extremes, by years, for the period 1889-1938, inclusive.

five summers show only one month with the temperature
below the average.

There were 28 summers with accumulated temperature
departures below the seasonal average and 22 summers
above the average. The average deficiency for the cool
summers is 269°, and the average excess for the warmer
similar periods is 342°, thereby indicating that, as a rule,
warm summers show greater departures from the mean
temperature than the cooler ones. Of the 350 months

. considered, 184 showed temperature deficiencies, while 166
showed an excess. The summer of 1894 was the most
nearly normal for the entire record insofar as temperature
is concerned, the vegetal period showing an excess of 18°.

The summer month with the greatest temperature
excess was August 1936, with 288°, while the summer
month with the greatest temperature deficiency was
August 1915, with 230°.

with a temperature deficiency of 1,035°, and the next
warmest dormant period was in 1931-32 with temperature
excess of 700°.

No winter period showed either a temperature excess or

.a temperature deficiency for every month of the season.

Five winters show all months but one with a temperature
excess, while four winters show all months but one with a
temperature deficiency.

There were 25 winters with accumulated temperature
excess and 25 with an accumulated temperature defi-
ciency. The average accumulated departure was 297°.
Of the 350 months considered in the tabulation, .162
show temperature deficiency and 188 show a temperature
excess.

The winter of 1900-1901 was most nearly normal, with
a temperature deficiency of but 9°. The warmest month
during any winter, or dormant, period was March 1930,



with a temperature excess of 463°, while the coldest
month during such period was January 1912, with a defi-
ciency of 416°.

Figure 14 is self-explanatory, expressing annual tem-
perature data graphically. Figure 15, showing a com-
parison of the daily mean temgeratures of the warmest
and the coldest months of record, portrays the variability
of temperature in Kansas City. This is especially notice-
able throughout December, durm% the early part of
January and of February, and the latter part of March.
In this figure the upper line, of course, represents the
warmest month and the lower line the coldest. The
normal mean temperature for the month is indicated by
8 line drawn at the proper temperature level, and the
general departure from this normal can be readily detected.
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F1GURE 14.—Graphs showing the annual march of significant temperatures st Kansas
élty, Mo., 1889-1938, inclusive,

It is interesting to note that, although the extreme mini-
mum temperature of 22° below zero was recorded on

ebruary 12, 1899, the mean temperature on January 12,
1912, was several degrees lower. Figure 16 represents
the range in temperature between the highest temperature
and the lowest temperature ever recorded on any date.
As in figure 15, this shows the maximum period of varia-
bility to lie in January and February, with a minimum
In late June, July, and August.

The mean temperature for each day of the year is set
forth in table 43, while tables 44 and 45 present the aver-
age daily maximum and average daily minimum tem-
Peratures in similar manner. Tables 46 and 47 represent

© mean monthly maximum and the mean monthl
Minimum temperatures for the full period of record.
Tables 48 and 49 show the absolute maximum and the
absolute minimum temperatures for each day of the year,
While tables 50 and 51 present the absolute maximum

and the absolute minimum temperature values, by
months,

Figure 17 shows the distribution of the average tem-
perature, by months, over the 24 hours of the day, while
figures 18 and 19 portray the daily absolute maximum
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FIGURE 15.—Graphs of daily mean temperatures for the warmest and the coldest months
during the 50-year period, 18891938, inclusive.

and minimum temperatures. Note that in August
maximum temperatures in excess of 100° have been
recorded on all dates except the 28th, 29th, and 30th, and
on all dates in July; and that zero temperatures were
recorded on all dates in January except the 9th, on all
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rature and the lowest

10

dates in February except the 20th, 22d, 24th, and 25th,
and on but one date in March. These facts are also
shown in tables 48 and 49. »

Considering the temperatures from another angle,
tables 52 and 53 show the highest monthly minimum
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FI1GURE 17.—-8howing the distribution of temperature over the 24-hour period in Kansas
City, 1889-1938, inclusive.

temperature and lowest monthly maximum temperature,
respectively. Table 54 presénts the difference, in degrees,
between the highest recorded and the lowest recorded
temperatures for each day of the year.

Another aspect of temperature variability is shown in
table 55. In this the mean daily range—i. e., the average
variation between the highest and the lowest tempera-
tures—is shown. Table 56 presents the greatest daily
temperature range, by months, and table 57 shows the
average daily variability of temperature—i. e., the aver-
age difference between the mean temperatures from day
to day. Table 58 presents the absolute temperature
range per month, as well as that for the year as a whole.
In this table the difference, in degrees, between the highest
recorded temperature for the month and the lowest
recorded temperature for the same period is used, regard-
less of the dates on which these extremes occur. The
annual range is the difference in temperature between
the highest and the lowest recorded temperature for the
year.

Tables 59 to 63 are self-explanatory, showing the num-
ber of times certain degrees of temperature were recorded
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on the days of the month and year. In tables 54 to 58,
similar data have been compiled for the monthly periods.

For the benefit of those interested in the engmeering
problems connected with heating and cooling, tables 69
and 70 have been prepared to show, in degree-days, the
temperatures of the warm and cold periods of the year.
In the computation of degree-days, the base temperature
of 65° was used. In the warm season, when the tempera-
ture averages above 65°, the term ‘‘degree-days’’ indicates
the accumulated differences between the daily mean
temperature and the base temperature of 65°. In the
cold season, of course, this difference is below 65°.

Whether the arbitrary temperature value of 65°,
accepted generally by engineers as the lowest mean tem-
perature at which comfort without artificial heat can be
expected, will apply to the summer season is questionable.
For purposes of cooling, some engineers have advocated
the use of the 75° base as well as the 80° value. The 65°
base was used in the preparation of these tables so that
there would be no intervening temperature gap between
the two sets of degree-days and all temperature levels
would be covered.

Figure 20 is introduced to show graphically a com-
parison between the 10-year moving averages of degree
days, for the summer and for the winter season, based
on the 50-year temperature record. Generally speaking,
it indicates that the summers, shown by the dotted line,
have with but few variations remained fairly equable
until about 1930, when there began a pronounced upward
tendency. This tendency was still ascendant at the close
of 1938. On the other hand, the winters have shown a
slight upward tendency since 1900. This was checked
between 1917 and 1921, but resumed the upward trend in
1922, continuing upward until 1935, after which year a
slight downward tendency is in evidence.

Figure 21 shows a comparison of summer rainfall and
summer temperature, For purposes of comparison, the
rainfall graph is inverted ang superimposed on the curve
showing the moving average temperature, expressed in
degree-days. As might be expected, this graph shows a
distinct relation between rainfall and temperature during
the summer months throughout the entire period—i. e.
wet summers are normelly cool summers, and vice versa.
The full expression of this relation is shown in the drought
years beginning with 1929 and continuing through 1938,
a study of which will be presented in the closing pages of
this paper.

Figures 22 and 23 are presented to show the 24-hour
maximum temperature changes experienced in Kansas
City. Figure 22 is a thermogram of the greatest 24-hour
temperature rise, on October 25, 1938. Shortly after
7 a. m. of this date, the air temperature was 32.8°, with a
moderate to dense ground fog present. About 8:35 a. m.,
with the dissipation of the fog, the temperature commenced
to rise, attaining 73° by noon and the maximum of 83.0°
by 4 p. m. This rise of 50.2° in 8 hours has never been
closely approached at any other period of the 50-year
record.

Figure 23 is a thermogram depicting the greatest 24-
hour temperature fall in the history of the Weather
Bureau at Kansas City. From 10:15 a. m. to about 10:35
a. m. of November 11, 1911, the temperature stood at
75.7°, the weather was partly cloudy, and the wind was
blowing from the southwest at an average velocity of 28
miles an hour. A cold wave had been forecast, and the
warning flag had been flying from the mast since 7 a. m.
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At 10:48 a. m., the wind shifted to the northwest, the
skies became suddenly clouded, and the temperature
plunged downward. Between 11:35 a. m. and 11:55
a. m. a light shower of rain fell, and by 12 noon the tem-

vation, taken at approximately 6:30 o’clock, the local
mean noon observation at 12:12 p. m., and the evening
observation at 6:30 p. m. comprise the sources from which
the major portion of these hygrometric data have been
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FIGURE 20.—Comparison of 10-year moving averages of degree-days, cold season below 65°, warm season ebore 65°. Solid line, cold season; dotéed line, warm season.

perature had fallen to 42°. Light snow commenced to
fall at 1:25 p. m. as the freezing point was passed, and
continued until 7:30 p. m., amounting to two-tenths of
aninch. By 4 p.m., the temperature was 20°, by 6 p. m.,

computed. The morning and the evening observations

are for the full period of record, and the local mean noon

observation is for the period 1918 to 1938, inclusive.
The “dry-bulb’ temperature, mentioned in the follow-

17°, by 8 p. m., 15°, and by midnight, 11° above zero. ing tables, is the actual free-air temperature at the time
The fall continued until 8 a. m. of the 12th, at which time of the observation. The “wet-bulb” temperature is the
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the minimum of 6° above zero was recorded. The fall in
temperature was accompanied by high winds, & maximum
velocity of 50 miles an hour from tbe northwest being
recorded at 3:40 p. m. of the 11th, with a gust velocity of
60 miles an hour. The total fall in temperature was 69.7°
in 21 hours 45 minutes. No other temperature fall on
record has approached this cold wave of November 11-12,
1911,

HUMIDITY

For the general study of humidity in Kansas City, the
three daily observations are used. The morning obser-

f 65°

reading of a thermometer the bulb of which has been
surrounded by a moistened muslin covering and the
thermometer whirled in free air until the lowest possible
reading is obtained. Relative humidity, computed from
the difference between these two values, is the ratio of
the amount of water vapor actually contained in a given
volume of air to the amount that would be contained at
saturation at that temperature. Since the maximum
or saturation amount of moisture increases rapidly with
the temperature, the relative humidity is meaningless
unless considered in conjunction with the ‘“dry-bulb’”, or
free-air, temperature.



Tables 71, 72, and 73 set forth the ‘‘dry-bulb,” or free-
air, temperature, the “ wet-bulb,” or ‘“sensible,” tempera-
ture, and the relative humidity, respectively, for the full
period of the record in Kansas City. In similar manner,
tables 74, 75, and 76 present these data for the local mean
noon observation, and tables 77, 78, and 79 for the evening
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FiGURE 22.—Thermogram showing the greatest rise in temperature in any 24-hour period
at Kansas City, during the 50 years 1889-1938, inclusive: 50.2° in 8 hours 0 minute on
October 25, 1938,

readings. In figure 24 these combined data are shown
graphically. It is to be noted that the relative humidity
throughout the year shows the highest reading at the
morning observation, falls off sharply to the noon reading,
and rises slightly toward the evening observation. The
measurements of the absolute humidity, representing the
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F1GURE 23.—Thermogram showing the greatest fall in temperature {n any 24-hour period
at Kangas City during the &0-year period, 1889-1938; 69.7° in 21 hours 45 minutes on
November 11-12, 1911.

weight, in grains troy per cubic foot, of the water vapor
In the air, show that December and January are actually
the driest months of the year; and because of the high
temperature the maximum occurs in July, with 6.2 grains
Der cubic foot. A further study of humidity, as observed
during the drought period of 1929-38 will be found in
8ucceeding pages.

WIND, WEATHER, AND SUNSHINE

A glance at tables 80, 81, and 82 reveals that Kansas
1ty can expect, on the average, 151 clear days a year,
277725 —41~—3
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114 partly cloudy days, and 100 cloudy days. This aver-
age of 151 clear days is considerably greater than that at
Miami, Fla., and is exceeded only by certain stations in
California and in the semiarid Southwest. Table 80
indicates that clear skies are most probable in the summer
and autumn months, with maxima in July and October,
and least probable in the late winter and throughout the
spring months, with minima in February, April, and May.
Partly cloudy days, days on which the sky is from four-
tenths to seven-tenths clouded, show a maximum of fre-
quency in May and a minimum in October. Cloudy days,
or days with the sky from eight-tenths covered to over-
cast, are most frequent in the winter, with & maximum in
December, and least frequent from late spring to late
autumn, with & minimum of frequency in July.

Figure 25 portrays graphically, by percentages, the
probability of clear, partly cloudy, and cloudy days
throughout the year, with the monthly percentage of ex-
pected sunshine. It is to be noted that the maximum
percentage of possible sunshine occurs in July, at which
time cloudy days are at a minimum. Tle increase in
cloudy days in September is explained in the chapter
entitled ““Precipitation.”

Table 83, showing the number of days on which dense
fog has been observed in Kansas City, 1s interesting, inas-
much as it reveals that fog of this nature is experienced on
an average of 10 times each year. Dense fogs are most
probable in December and January and least likely to
occur in July and August. The years 1934 and 1935, with
a total of 45 dense fogs, constituted the period of greatest
fog frequency in the history of the Weather Bureau at
Kansas City, while the year 1905 established an all-time
record of least frequency, with but one dense fog (in July)
being recorded throughout the entire year.

Table 84, showing the number of days on which thunder-
storms were observed, indicates that Kansas City has an
annual average of 56. As might be expected, the month
of greatest frequency is June, with the period of least
frequency in December and January. The year 1924,
with 73 thunderstorms, had the greatest annual frequency,
while the year 1889 with but 32 showed the least. Thun-
derstorms occurred o